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2nd Mar 20201st Editorial Decision

2nd Mar 2020 

Dear Dr. Low, 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now heard 
back from the referees whom we asked to evaluate your manuscript . As you will see from the 
reports below, the referees acknowledge the interest of the study. However, they raise some 
concerns that should be addressed in a major revision of the present manuscript . 

We would welcome the submission of a revised version within three months for further 
considerat ion and would like to encourage you to address all the crit icisms raised to improve 
conclusiveness and clarity. Acceptance of the manuscript will entail a second round of review. 
Please note that EMBO Molecular Medicine encourages a single round of revision only and 
therefore, acceptance or reject ion of the manuscript will depend on the completeness of your 
responses included in the next , final version of the manuscript . For this reason, and to save you 
from any frust rat ions in the end, I would st rongly advise against returning an incomplete revision. 

 
I look forward to receiving your revised manuscript . 

Yours sincerely, 

Zeljko Durdevic 

Zeljko Durdevic 
Editor 

***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

The study presented by Zhang et . al. aims to develop a new method of specifically reprogramming 
M2-like profibrot ic macrophages by target ing them with a TLR7 agonist and administering this drug 
through the folate receptor  specifically into act ivated myeloid cells result ing in a shift to fibrosis-
suppressing macrophages. Data shown by authors confirms the specificity of the delivery method 
through use of FR, a method of targeted therapy widely used in cancer and inflammation. However, 
authors seem to pay lit t le at tent ion to important cell subtypes implicated in the development of 
fibrosis such as fibroblasts and alveolar epithelial cells. Addit ionally, characterizat ion of macrophage 
polarizat ion was not thoroughly done opt ing for the use of a handful of polarizat ion markers. 

Major concerns: 

1. Macrophage polarizat ion can include a spectrum of various subsets, classificat ion of macrophage



M1 and M2 phenotype by authors using only CD206 seems an oversimplificat ion. To better
characterize human M2 macrophage polarizat ion CD163, IL10 among others should be added. 
2. In Fig. 2 what does the percentage of CCL18 and IL1-� means? If cytokine product ion was
measured with ELISAs why are results not shown as pg/ml as previously done in other parts of the
manuscript?
3. Number of experimental replicates (in the case of THP1 cells) or biological replicates (in the case
of primary macrophages for in vit ro results are not clearly stated. Data should represent 3
independent experiments.
4. Regarding macrophages isolated from BALF: How "pure" was this cell fract ion? Which ant ibody
was used to sort  these cells? CD68 should be used to sort  these cells.
5. In Fig. 5 macrophages isolated from mice appeared to have reduced CD206 expression however
it  is not significant. Are other M2 markers more significant ly reduced in order to definit ively confirm
the reprogramming of these cells? Was there any FACS analysis done for these cells?
6. Authors focused on macrophage polarizat ion but failed to characterize the state of other
relevant cells in fibrosis, such as fibroblasts or alveolar epithelial cells after successful FA-TLR-54
treatment. Are there any changes in markers such as �-SMA after macrophage reprogramming?
7. While in a bleomycin mouse model fibrosis is a separate and exclusive event, in the case of
human pat ients there exists an important connect ion between lung cancer and fibrosis. Pat ient
cases would challenge specific usage of such folate receptors in fibrosis due to the well-known
effect  on tumor cells. How would such therapies occur in the case of cancer-associated -fibrosis?
8. Assessing fibrosis in vivo requires not only quant itat ion of total hydroxyproline content but also
other funct ional measurements such lung compliance, t issue resistance or fibrot ic score.
9. Immunostaining of M1 and M2 markers in mouse t issue could be done to further asses the
reprogramming of macrophages after FA-TLR-54 treatment.
10. In Fig. 8 what are the basal cytokine levels in plasma of healthy or vehicle mice? Why have
controls been omit ted from this figure?
11. Primer sequence listed for IRAK-M actually corresponds to gene NM_029926.5 IRAK4, not IRAK-
M (IRAK3), this mistake should be corrected.
12. There are some typos in the manuscript  such as, Bod5y or double parenthesis. References are
writ ten in a different font  from the rest  of the manuscript , there should be consistency throughout
the ent ire text .

Referee #2 (Remarks for Author): 

The manuscript  by Zhang et  al. ent it led "Targeted reprogramming of profibrot ic macrophages for
treatment of IPF" uses expression of folate receptor beta, which is highly expressed on IPF
macrophages, but not normal macrophages to deliver a TLR7 agonist  in a cell specific manner in an
effort  to reprogram M2 macrophages to a more M1 like and ant i-fibrot ic phenotype. The
manuscripts compares non-targeted TLR7 agonists to folate-targeted TLR7 agonist  in both human
cell lines and the murine bleomycin model. The advance in this folate-TLR7 agonist  t reatment is
that it  reduces the systemic toxicity of non-targeted TLR7 agonists in vivo. In general the studies
are well done showing dose effects that limit  the accumulat ion of fibrosis in the lung and blocking of
the effect  with excess folate. Important ly, there is a therapeut ic effect  showing benefit  when giving
the drug start ing on day 10 post-bleomycin. 
Major Comments 
1) Much of the recent literature in lung fibrosis research has focused on the unique macrophage
subsets that are recruited to the lung. The flow panels in Fig. 4 do not allow for discriminat ion of
alveolar macrophages from interst it ial macrophages from monocyte-derived alveolar macrophages.



Is the folate receptor b upregulated on all of these different subsets. It  would be interest ing to know
if part icular, or all lung macrophages are capable of taking up the targeted TLR7 agonist  and if the
drug is equally effect ive in each of these subtypes. 
2) The effects of the agonist  are inferred to be mediated by TLR7 act ivat ion but this is not strict ly
proven. Does the FA-TLR7-54 compound show efficacy in TLR7-deficient  mice?
3) The 10 nM dose of FA-TLR7-54 is most effect ive, but the histology in Fig. 7D suggest
emphysema-like changes and airspace enlargement. This should be quant ified to know if this is a
limit ing toxicity.
Minor Comments
1) I don't  think rigidificat ion and rigidify are accepted words in English. Please consider st iffening or
st iffen or fibrot ic as alternat ives.
2) The t it le is a bit  overstated. This manuscript  test  t reatment of bleomycin-induced lung fibrosis,
not IPF. Please consider a revision.

Referee #3 (Remarks for Author): 

The authors have designed and tested an approach to target ing macrophages in vivo which takes
advantage of folate receptor beta (FR beta) expression on act ivated macrophages. The biologic
model employed here is pulmonary fibrosis but target ing macrophages in this fashion is of general
interest  for a very broad range of medical condit ions. This paper therefore has the potent ial for very
wide applicability. Even if this approach is ult imately not fully effect ive as monotherapy, it  might be
used as part  of a mult imodality approach to these diseases. For that reason, this paper should be
accepted. However, some addit ional data and some re-writ ing should be required. 

The strongest part  of the paper is the biologic model employed. The authors have shown efficacy
and reduced toxicity of their compound relat ive to a similar but non-targeted compound. The
mechanist ic component of the paper is less convincing and needs addit ional data to support  the
authors' hypotheses as described below. The authors also consistent ly state that the mechanism
of act ion is via "reprogramming macrophage different iat ion from M2 to M1". The authors use a very
limited number of markers to make this very broad claim. Furthermore, they use somewhat differing
markers for each of their experiments. The authors should consider the following review art icle
when assessing M1 and M2 phenotype in their system: Macrophage Polarizat ion Peter J. Murray
Annual Review of Physiology 2017 79:1, 541-566. The authors should also be aware that the
classificat ion of macrophages into the M1/M2 dichotomy may not be the best way to consider
macrophage heterogeneity specifically with respect to murine bleomycin induced fibrosis (e.g. Aran,
D., Looney, A.P., Liu, L. et  al. Reference-based analysis of lung single-cell sequencing reveals a
transit ional profibrot ic macrophage. Nat Immunol 20, 163-172 (2019)). A statement of
"reprogramming" would imply that some permanence was at tached to the effect , which the authors
have not shown. Altered different iat ion or expression pattern would seem more accurate. 

There are also minor stylist ic and presentat ion issues that should be addressed. For example, the
paper would be strengthened if the authors would reframe their paper into a more convent ional
hypothesis driven format. This would help clarify what is actually being shown by the data in each
sect ion. 

Detailed comments: 

The authors show that a TLR7 agonist  with and without a folate label have similar have similar



effect  on a M2 polarized THP-1 cell line, murine bone marrow derived macrophages and human
peripheral blood monocytes in reducing M2 markers and increasing M1 markers (using different
markers in each case). For the human cells, folate excess blocked the effect . There is a dose
response issue however, in that  folate excess should only block folate receptor dependent binding
and not direct  binding ie there should be a shift  in the dose response curve but not complete
blockage. Perhaps the FA-TLR7-54 compound has no access to the endosome in absence of
folate receptor binding due to the added sidechain? Why is the dose response curve for the THP-1
system unaffected by the presence of the folate on the TLR7 agonist? Is the Kd the same for FR
beta as TLR7? Finally, the authors present no direct  evidence indicat ing that their compound
requires binding and internalizat ion via FR-beta vs some other folate dependent binding site. 

Figure 1B and 2 should be one panel. Figure 1A should be in the supplementary material along with
the descript ion of the synthet ic pathway and the LC-MS of the compound. 

In their bleomycin model, compound uptake is shown to be limited to the lungs which is blocked in
presence of folate excess. A key missing data point  is extent of co-expression of compound uptake
with FR-beta expression. The flow cytometry analysis of uptake in fig 4B is very hard to interpret
due to the way is it  displayed. More convent ional gate analysis with overlay of histograms rather
than display of mult iple SSC vs stain plots would be helpful. Pharmacokinet ics of their compound vs
the parent TLR7 agonist  in this model should also be included to see if clearance is affected by the
folate sidechain. 

The authors then analyze bulk populat ions of lung macrophages, BAL cells and BAL protein levels
for relevant mediators including ARG1, CD206, CXCL10, IL-6, IFN alpha and TNF alpha in response
TLR7-54 or FA-TRL7-54 (fig 5) at  a single t ime point  short ly after administrat ion. Very noteworthy
is markedly reduced levels of expression of TNF alpha in the lat ter group which is only commented
on in passing by the authors. One hypothesis is that  this is due to st imulat ion FR beta negat ive
cells by TLR7-54 but this is not further invest igated. 

The authors then show that repeated administrat ion of FA-TLR7-54 prevents fibrosis when
administered on day 10 of their protocol. It  is a significant strength of the manuscript  that  they can
show an effect  this late after bleomycin administrat ion. There is a dramat ic effect  on various
mediators relevant to fibrosis with a corresponding reduct ion in total fibrosis at  day 21. The authors
note that fibrosis resolves in their model as it  does in most bleomycin models. The quest ion then is
whether their intervent ion reduces development of fibrosis or accelerates the resolut ion of fibrosis.
The authors imply the lat ter but have no data on that issue. A t ime course of fibrosis and histology
over t ime +/- intervent ion might shed light  on that issue. 

The authors use the phrase "suppressing the symptoms of fibrosis" when they are actually
measuring fibrosis itself. IRAK-M is a marker of TLR signaling suppression, not act ivat ion. Histology
does not evaluate "t issue density" (not sure what they mean here). Rout ine histology allows
evaluat ion of features of t issue repair and inflammatory infilt rate. 

The dose response curve in figure 7 is of unclear significance with respect to toxicology and adds
lit t le to the paper. Figure 8 on the other hand is very helpful to document lack of systemic effect  of
this compound at  doses that are pharmacologically relevant. A dose response curve for systemic
expression of these mediators would be important to help establish a therapeut ic window for the
compound.



***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

The study presented by Zhang et. al. aims to develop a new method of specifically 

reprogramming M2-like profibrotic macrophages by targeting them with a TLR7 agonist and 

administering this drug through the folate receptor  specifically into activated myeloid cells 

resulting in a shift to fibrosis-suppressing macrophages. Data shown by authors confirms the 

specificity of the delivery method through use of FR, a method of targeted therapy widely used 

in cancer and inflammation. However, authors seem to pay little attention to important cell 

subtypes implicated in the development of fibrosis such as fibroblasts and alveolar epithelial 

cells. Additionally, characterization of macrophage polarization was not thoroughly done opting 

for the use of a handful of polarization markers. 

Major concerns: 

1. Macrophage polarization can include a spectrum of various subsets, classification of

macrophage M1 and M2 phenotype by authors using only CD206 seems an oversimplification.

To better characterize human M2 macrophage polarization CD163, IL10 among others should be

added.

In Fig. 2 we now examine 3 additional M2 markers (Arg1, CD206 and CD163). The new data 

confirms that both TLR7-54 and FA-TLR7-54 change the phenotype from an M2-like to M1-like 

phenotype. In Fig. 4 we have now added data further demonstrating the effect of FA-TLR7-54 

on the reprogramming of lung macrophages in bleomycin-induced mice. Thus, we now 

characterized the levels of M2-like macrophages by quantitating the changes in three M2 marker 

transcripts (Arg1, CD206 and CD163) in both the affected lungs and also in the associated 

bronchoalveolar lavage fluid (BALF). Importantly, treatment with FA-TLR7-54 significantly 

decreases the levels of all three markers in both fibrotic lung tissues (panel A) and BALF (panel 

B). These data all support the contention that FA-TLR7-54 reprograms pulmonary fibrotic lung 

macrophages from an M2-like to M1-like phenotype. Nevertheless, to still further establish this 

conclusion, we have also characterized the changes in mRNA levels for three well-accepted M1 

markers, namely CXCL10, IL-6 and TNFα. In all three cases, treatment with FA-TLR7-54 

causes an increase in M1 marker mRNA expression, both in the affected lungs (panel A) and 

associated BALF (panel B). Then in panel C, we show the changes in some representative 

protein markers for M1 macrophages in BALF, which also confirm that a change from M2-like 

to M1-like characteristics is induced by FA-TLR7-54. Taken together, these studies provide very 

compelling evidence that a repolarization of fibrotic lung macrophages has been induced by FA-

TLR7-54. We did not measure the changes in IL-10 levels, since its regulation during fibrosis is 

very controversial in the literature (Millar, 2006). We have not only added the extra panels in Fig. 

2 (A-C) and Fig 4. but have also made the requisite changes to the figure legends and have added 

brief explanatory text on pages 7 and 10 to describe the new data. 

5th May 20201st Authors' Response to Reviewers



2. In Fig. 2 what does the percentage of CCL18 and IL1- means? If cytokine production was

measured with ELISAs why are results not shown as pg/ml as previously done in other parts of

the manuscript?

We have reorganized the former Fig. 2 to Figs. 1 B-C. We thank the reviewer for this 

observation and have changed the units for the cytokines to pg/ml (now in Figs. 1 B-C). 

3. Number of experimental replicates (in the case of THP1 cells) or biological replicates (in the

case of primary macrophages for in vitro results are not clearly stated. Data should represent 3

independent experiments.

We apologize for this oversight. We have now indicated the number of independent experiments 

used to calculate the data points for each experiment in each figure legend (page 30). In no case 

were fewer than 3 independent experiments used to construct the figures.  

4. Regarding macrophages isolated from BALF: How "pure" was this cell fraction? Which

antibody was used to sort these cells? CD68 should be used to sort these cells.

In order to obtain a live macrophage fraction from digested fibrotic lungs, we used both Zombie 

violet and F4/80 for FACS cell sorting and obtained a cell preparation that was >95% 

macrophages. To enrich BALF cells for macrophages, we centrifuged the fluid to obtain a cell 

pellet, and after removing the erythrocytes with lysis buffer, we seeded the cells into RPMI 1640 

media and allowed the macrophages to adhere for 2 hours. The unattached cells together with the 

media were removed and the adherent macrophages were detached with Accutase and used for 

RNA analysis or flow cytometry. Based on the flow cytometry data, the purity was ~81%. We 

have added these new data to the Methods Section on page 19 (highlighted in yellow). 

5. In Fig. 5 macrophages isolated from mice appeared to have reduced CD206 expression

however it is not significant. Are other M2 markers more significantly reduced in order to

definitively confirm the reprogramming of these cells? Was there any FACS analysis done for

these cells?

We repeated the CD206 RNA analysis for the digested fibrotic lung cells in triplicate and 

obtained data that still show significant differences among the samples. The former Fig.5 was 

reorganized to Fig.4 and these new data are now included in Fig. 4A. As suggested above, we 

also quantitated the level of CD163 mRNA in all samples and found that the CD163 was also 

reduced significantly upon treatment with TLR7-54 or FA-TLR7-54. Taken together and as 

noted above, it can be concluded that FA-TLR7-54 downregulates M2 markers (Arg1, CD206 

and CD163) and upregulates M1 markers (CXCL10, IL-6 and TNFα) in vivo, demonstrating that 

it indeed repolarizes fibrotic lung macrophages in vivo. We did not examine the cell surface 

markers by flow cytometry because each of the different M1 and M2 markers rise and fall in 

expression levels following FA-TLR7-54 treatment over different time scales, whereas mRNA 

levels all seem to change with similar rapid kinetics. 



6. Authors focused on macrophage polarization but failed to characterize the state of other 

relevant cells in fibrosis, such as fibroblasts or alveolar epithelial cells after successful FA-

TLR7-54 treatment. Are there any changes in markers such as -SMA after macrophage 

reprogramming?  

We have now examined the changes in alpha-smooth muscle actin (-SMA) in fibrotic lung 

fibroblasts by IHC (see Fig. 5I), and these data demonstrate a significant reduction in -SMA 

following treatment with FA-TLR7-54. Because -SMA in fibrotic lungs is only found in 

activated (not quiescent) fibroblasts and vascular smooth muscle cells (which are easily 

distinguished), the data shown in the Fig.5I demonstrate that FA-TLR7-54 also causes a decrease 

in activated fibroblasts. This important result should logically be anticipated (since activated 

fibroblasts are induced from nonactivated fibroblasts in large part by cytokines released from 

activated M2-like macrophages), but it is nice to firmly demonstrate it in fibrotic lung tissue 

from live mice. We have added a sentence to page 12 of the Results Section to describe the new 

data.  

 

7. While in a bleomycin mouse model fibrosis is a separate and exclusive event, in the case of 

human patients there exists an important connection between lung cancer and fibrosis. Patient 

cases would challenge specific usage of such folate receptors in fibrosis due to the well-known 

effect on tumor cells. How would such therapies occur in the case of cancer-associated -fibrosis? 

This is an insightful question. As recognized by the reviewer, accessible folate receptors are 

expressed in significant numbers on three different cells types, namely cancer cells, activated 

macrophages (including tumor-associated macrophages) and the proximal tubule cells of the 

kidneys. Because the proximal tubule cells of the kidneys do not express TLR7, uptake of FA-

TLR7-54 should have no effect on cell properties. In the case of tumor-associated macrophages, 

we have found that they are also reprogrammed from an M2-like to M1-like phenotype (i.e. 

similar to fibrotic lung macrophages) with the treatment of FA-TLR7 agonist, rendering the 

tumor microenvironment much more sensitive to immunotherapies (including CAR T cell 

therapies). This change can be very beneficial, since it can be exploited to improve many cancer 

therapies. In contrast, the effect of FA-TLR7-54 on the  folate receptor expressing cancer cell 

may be harmful, since data in the literature demonstrate that a TLR7 agonist can promote cancer 

cell survival in those cancers that express TLR7 (Cherfils-Vicini et al, 2010). Based on these 

data, we would conclude that before administering a FA-TLR7 agonist to pulmonary fibrosis 

patients, one should assure that the patient does not have a folate receptor positive/TLR7 positive 

cancer.  

Although we would like to add a paragraph to the Discussion Section summarizing these 

considerations, we have refrained from doing so because we are already at the word limit for 

EMBO Molecular Medicine. However, if the editorial staff disagrees with this decision, we 

would be happy to add a paragraph summarizing the above considerations. 



  

8. Assessing fibrosis in vivo requires not only quantitation of total hydroxyproline content but 

also other functional measurements such lung compliance, tissue resistance or fibrotic score.  

We have now included the Ashcroft score evaluated by a veterinary pathologist blindly to Fig. 

5K. The score of FA-TLR7-54 treated group was significantly decreased compared to vehicle 

treated group, which is consistent with the hydroxyproline and histological data. We have also 

made a minor wording change on page 12 (Results Section) and page 32 (Figure legend) to 

describe the new data.  

 

9. Immunostaining of M1 and M2 markers in mouse tissue could be done to further assess the 

reprogramming of macrophages after FA-TLR-54 treatment.  

We have performed the requested CD206 immunofluorescence staining on the fibrotic lung 

tissues and the images are now included in the Fig. EV4 now. The pictures demonstrate that 

CD206 positive macrophages are significantly decreased in FA-TLR7-54 treated fibrotic lungs. 

We have also added a sentence to Results Section on page 11 to describe the images. 

 

10. In Fig. 8 what are the basal cytokine levels in plasma of healthy or vehicle mice? Why have 

controls been omitted from this figure?  

We have reorganized the former Fig. 8 to Fig. 7. We now have included the basal levels of IL6, 

IFNα and TNFα in the new panels D, E and F, respectively, of Fig. 7. The basal cytokine levels 

of IL-6, IFNα and TNFα in plasma of healthy and vehicle-treated mice are very low compared to 

nontargeted TLR7-54 treated mice.  

 

11. Primer sequence listed for IRAK-M actually corresponds to gene NM_029926.5 IRAK4, not 

IRAK-M (IRAK3), this mistake should be corrected.  

We thank the reviewer for reading our manuscript carefully and pointing out this mistake. We 

have corrected this mistake to IRAK4 in Fig. 5G, the legend to Fig. 5G (page 32), the Results 

Section (page 11), and the Appendix (Table S1).  

 

12. There are some typos in the manuscript such as, Bod5y or double parenthesis. References are 

written in a different font from the rest of the manuscript, there should be consistency throughout 

the entire text.  

Thanks again for reading our manuscript carefully and kindly pointing out these typos and 

format issues. We have carefully checked through the manuscript and corrected them. 

 

 

 

Referee #2 (Remarks for Author):  



 

The manuscript by Zhang et al. entitled "Targeted reprogramming of profibrotic macrophages for 

treatment of IPF" uses expression of folate receptor beta, which is highly expressed on IPF 

macrophages, but not normal macrophages to deliver a TLR7 agonist in a cell specific manner in 

an effort to reprogram M2 macrophages to a more M1 like and anti-fibrotic phenotype. The 

manuscripts compares non-targeted TLR7 agonists to folate-targeted TLR7 agonist in both 

human cell lines and the murine bleomycin model. The advance in this folate-TLR7 agonist 

treatment is that it reduces the systemic toxicity of non-targeted TLR7 agonists in vivo. In 

general the studies are well done showing dose effects that limit the accumulation of fibrosis in 

the lung and blocking of the effect with excess folate. Importantly, there is a therapeutic effect 

showing benefit when giving the drug starting on day 10 post-bleomycin.  

 

Major Comments  

1) Much of the recent literature in lung fibrosis research has focused on the unique macrophage 

subsets that are recruited to the lung. The flow panels in Fig. 4 do not allow for discrimination of 

alveolar macrophages from interstitial macrophages from monocyte-derived alveolar 

macrophages. Is the folate receptor β upregulated on all of these different subsets. It would be 

interesting to know if particular, or all lung macrophages are capable of taking up the targeted 

TLR7 agonist and if the drug is equally effective in each of these subtypes.  

We thank the reviewer for this insightful question. We were also very interested in this question, 

and even collected the desired data, but did not include these data due to manuscript length 

constraints. The data now shown in Fig. EV3 demonstrate that monocyte-derived alveolar 

macrophages (but not interstitial macrophages or tissue resident alveolar macrophages) increase 

significantly following bleomycin instillation (Misharin et al, 2017), and that this subpopulation 

of macrophages contains the vast majority of folate receptor β positive macrophages in the 

fibrotic lungs. Thus, ~70% of the macrophages in the fibrotic lungs are monocyte-derived 

alveolar macrophages, and the FRβ expression is primarily concentrated in this subpopulation.  

These data are important, since the monocyte-derived alveolar macrophages are thought to 

constitute the major subpopulation responsible for inducing the fibrosis (Misharin et al, 2017). 

We have also added a sentence to Results Section (page 9) and Discussion Section (page 15) to 

summarize these data. 

 

2) The effects of the agonist are inferred to be mediated by TLR7 activation but this is not 

strictly proven. Does the FA-TLR7-54 compound show efficacy in TLR7-deficient mice?  

We performed this exact study on THP-1-NF-κB cells that were either transduced with human 

TLR7 (hTLR7) or not transduced with hTLR7. We found that TLR7-54 stimulated NF-κB 

activation in the THP-1-NF-κB cells that expressed hTLR7 but failed to activate NF-κB in the 

THP-1-NF-κB cells that lacked hTLR7. These data are now included as Fig. EV2. We have also 

added 3 sentences on page 6 to explain the data and have modified the Appendix materials and 

methods accordingly.  



 

3) The 10 nmol dose of FA-TLR7-54 is most effective, but the histology in Fig. 7D suggest 

emphysema-like changes and airspace enlargement. This should be quantified to know if this is a 

limiting toxicity.  

Thank you for this observation. The former Fig. 7D is reorganized to Fig. 6D now. The 

following response was provided by the pathologist who read all of the pathology slides. “We 

have thoroughly assessed all histologic slides for possible co-morbidities or toxicities. Over-

inflation of the lungs during fixative infusion is common if the volume is not appropriately 

adjusted to the in vivo state of inflation. The lesions identified are most consistent with 

postmortem over-inflation, not emphysema. Emphysema commonly affects entire lobules, 

terminal bronchioles and alveoli. Additionally, if this were emphysema, then fragments of 

alveolar wall may be apparent histologically. For these reasons, we are confident that the 

observed differences in alveolar space in Fig. 6D are due to over-inflation of infused fixative.”. 

In brief, the pathologist at Purdue University saw no overt signs of toxicity due to treatment with 

FA-TLR7-54. 

 

Minor Comments  

1) I don't think rigidification and rigidify are accepted words in English. Please consider 

stiffening or stiffen or fibrotic as alternatives.  

Thank you for your kind suggestion, we have changed the “rigidification” to “stiffening” on page 

3 and “rigidify” to “stiffen” on page 4. 

 

2) The title is a bit overstated. This manuscript test treatment of bleomycin-induced lung fibrosis, 

not IPF. Please consider a revision.  

We have retitled the manuscript to read, “Reprogramming of Profibrotic Macrophages for 

Treatment of Bleomycin-Induced Pulmonary Fibrosis”. 

 

 

 

Referee #3 (Remarks for Author):  

 

The authors have designed and tested an approach to targeting macrophages in vivo which takes 

advantage of folate receptor beta (FR beta) expression on activated macrophages. The biologic 

model employed here is pulmonary fibrosis but targeting macrophages in this fashion is of 

general interest for a very broad range of medical conditions. This paper therefore has the 

potential for very wide applicability. Even if this approach is ultimately not fully effective as 

monotherapy, it might be used as part of a multimodality approach to these diseases. For that 

reason, this paper should be accepted. However, some additional data and some re-writing 

should be required.  



We thank this review for these very generous remarks. 

 

The strongest part of the paper is the biologic model employed. The authors have shown efficacy 

and reduced toxicity of their compound relative to a similar but non-targeted compound. The 

mechanistic component of the paper is less convincing and needs additional data to support the 

authors' hypotheses as described below. The authors also consistently state that the mechanism 

of action is via "reprogramming macrophage differentiation from M2 to M1".  

The authors use a very limited number of markers to make this very broad claim. Furthermore, 

they use somewhat differing markers for each of their experiments. The authors should consider 

the following review article when assessing M1 and M2 phenotype in their system: Macrophage 

Polarization Peter J. Murray Annual Review of Physiology 2017 79:1, 541-566.  

We also thank the reviewer for these insightful suggestions. Indeed, this reviewer’s major 

concern is very similar to the two main comments of Reviewer #1. As noted in our response to 

Reviewer #1, we have now examined three additional M2-like macrophage markers (Arg1, 

CD206 and CD163) as suggested in the paper (Murray, 2017) to demonstrate that both TLR7-54 

and FA-TLR7-54 reduce expression of M2-like polarization markers (see revised Fig. 2). 

Together with the protein analysis data, which show that the FA-TLR7-54 can suppress the 

secretion of CCL18 while increasing secretion of CXCL10 and IL6, we can now confidently 

conclude that FA-TLR7-54 reprograms the lung macrophages from a profibrotic M2-like 

phenotype to an anti-fibrotic M1-like phenotype.  

In Fig. 4 we have also examined the effects of FA-TLR7-54 on the same additional M2 markers 

(Arg1, CD206 and CD163) in both the affected lungs and in the associated bronchoalveolar 

lavage fluid (BALF) of the bleomycin-induced mice. Importantly, treatment with FA-TLR7-54 

significantly decreases the levels of all three markers in both fibrotic lung tissues (panel A) and 

BALF (panel B). These data further support the contention that FA-TLR7-54 reprograms 

pulmonary fibrotic lung macrophages from an M2-like to M1-like phenotype. Nevertheless, to 

even more conclusively establish this conclusion, we have also characterized the changes in 

mRNA levels for three well-accepted M1 markers, namely CXCL10, IL-6 and TNFα. In all three 

cases, treatment with FA-TLR7-54 causes an increase in the M1 marker mRNA expression, both 

in affected lungs (panel A) and associated BALF (panel B). Then in panel C, we show the 

changes induced in several representative protein markers for M1 macrophages in BALF, which 

also confirm that a shift from M2-like to M1-like characteristics is induced by FA-TLR7-54.  

Taken together, we believe these studies provide very compelling evidence that a repolarization 

of fibrotic lung macrophages is induced by FA-TLR7-54. We have not only added the extra 

panels in Fig. 2 (A-C) and Fig. 4, but also as noted in our response to reviewer #1 we have made 

minor changes to the associated figure legends and the text on pages 7 and 10. We have also 

added the Murray et al reference to the list of References.  

  

The authors should also be aware that the classification of macrophages into the M1/M2 

dichotomy may not be the best way to consider macrophage heterogeneity specifically with 



respect to murine bleomycin induced fibrosis (e.g. Aran, D., Looney, A.P., Liu, L. et al. 

Reference-based analysis of lung single-cell sequencing reveals a transitional profibrotic 

macrophage. Nat Immunol 20, 163-172 (2019)). 

We completely agree with this concern and totally concur that classification of macrophages into 

an M1/M2 dichotomy is a major over-simplification. Indeed, we find in our own studies that the 

macrophages in fibrotic tissues really constitute a rainbow of states extending continuously from 

strongly profibrotic to strongly inflammatory. And some pulmonary fibrosis macrophages even 

simultaneously express both M1 and M2 markers on the same macrophage. However, there is 

currently an inadequacy in our vocabulary for describing the infinite range of phenotypes in 

macrophages, and to minimize the complexities associated with describing the effects of FA-

TLR7-54 on the plethora of macrophage phenotypes found in the lungs of bleomycin-induced 

mice, we have reluctantly resorted to the M1/M2 terminology because we believe the readership 

understands the inaccuracies in this nomenclature and know of no other non-verbose terminology 

that is better. Having said all of this, we would be happy to restate these terms in any manner 

recommended by the reviewer. 

A statement of "reprogramming" would imply that some permanence was attached to the effect, 

which the authors have not shown. Altered differentiation or expression pattern would seem 

more accurate. 

We believe that the FA-TLR7-54 induced changes that we report are both expansive and durable, 

since they lead to significant alterations in lung biochemistry, composition, and morphology that 

persist to the end of the 21 day studies. Thus, the data in Figs. 5 and 6 reveal substantial changes 

in Arg1, MMP9, TIMP3, CD86, IRAK4, IFNγ, α-SMA, hydroxyproline, collagen, H&E staining 

morphology, and Ashcroft score in the lungs of the bleomycin-instilled mice. This spectrum of 

alterations seems to us like a reprogramming, since the markers analyzed are found in multiple 

distinct pathways controlling macrophage behavior. However, if the reviewer feels strongly 

about changing our terminology here, we would be happy to do so. 

There are also minor stylistic and presentation issues that should be addressed. For example, the 

paper would be strengthened if the authors would reframe their paper into a more conventional 

hypothesis driven format. This would help clarify what is actually being shown by the data in 

each section. 

We have reworded the concluding paragraph in the Introduction Section (page 4) to reframe the 

purpose of the manuscript to testing the hypothesis that reprogramming of pulmonary 

macrophages from a profibrotic to anti-fibrotic phenotype can treat the symptoms of pulmonary 

fibrosis. We then proceed to conduct studies that test this hypothesis. 

Detailed comments: 

The authors show that a TLR7 agonist with and without a folate label have similar have similar 

effect on a M2 polarized THP-1 cell line, murine bone marrow derived macrophages and human 



peripheral blood monocytes in reducing M2 markers and increasing M1 markers (using different 

markers in each case). 

For the human cells, folate excess blocked the effect. There is a dose response issue however, in 

that folate excess should only block folate receptor dependent binding and not direct binding ie 

there should be a shift in the dose response curve but not complete blockage. Perhaps the FA-

TLR7-54 compound has no access to the endosome in absence of folate receptor binding due to 

the added sidechain? Why is the dose response curve for the THP-1 system unaffected by the 

presence of the folate on the TLR7 agonist? Is the Kd the same for FR beta as TLR7? Finally, the 

authors present no direct evidence indicating that their compound requires binding and 

internalization via FR-beta vs some other folate dependent binding site.  

The reviewer’s suspected answer to his/her own question is correct when he/she speculates 

“Perhaps the FA-TLR7-54 compound has no access to the endosome in absence of folate 

receptor binding due to the added sidechain?”. We have indeed designed FA-TLR7-54 to be 

impermeable to cells unless the cell expresses a folate receptor that can internalize the folate-

drug conjugate by folate receptor mediated endocytosis. Because TLR7 is exclusively located in 

intracellular endosomes, no cell lacking an empty cell surface folate receptor can be stimulated 

by FA-TLR7-54. For this reason, saturation of all cell surface folate receptors with excess folate-

glucosamine is shown to block any activation of TLR7 by FA-TLR7-54. Moreover, in the 

experiments with cultured THP-1 cells, addition of FA-TLR7-54 yields a similar response to 

addition of TLR7-54, because the FA-TLR7-54 can enter the cells via their folate receptors and 

the TLR7-54 will enter the same cells by passive diffusion across the cell’s membranes (i.e. 

TLR7-54 is very membrane permeable). However, in live animals FA-TLR7-54 will be 

concentrated solely in cells expressing a folate receptor, while TLR7-54 will passively enter all 

cells of the body, thereby causing off-target toxicity to healthy cells.  

Regarding the next question, the binding affinities of FA-TLR7-54 for a folate receptor and 

TLR7 are fortuitously similar (~5 nM). Finally, in response to the last question in this series, we 

have been studying folate receptors for 30 years now and have never found an alternative route 

for folate conjugate uptake into cells other than via a folate receptor. While there are many folate 

binding enzymes inside cells, none of these occur on the cell surface. They also have low affinity 

for folate, since they much prefer to bind reduced folates such as THF, 5-MeTHF, DHF, N-

formylTHF, etc.     

 

Figure 1B and 2 should be one panel. Figure 1A should be in the supplementary material along 

with the description of the synthetic pathway and the LC-MS of the compound.  
 

We appreciate this suggestion for reorganizing our figures. We have complied with the 

suggestion and have moved Fig. 2 into Fig. 1 and have moved former Fig. 1A to Supplementary 

materials. We now have 7 figures instead of 8 figures in the main manuscript. 

 

In their bleomycin model, compound uptake is shown to be limited to the lungs which is blocked 



in presence of folate excess. A key missing data point is extent of co-expression of compound 

uptake with FR-beta expression. The flow cytometry analysis of uptake in Fig 4B is very hard to 

interpret due to the way is it displayed. More conventional gate analysis with overlay of 

histograms rather than display of multiple SSC vs stain plots would be helpful.  

We have repeated this study and have replotted the flow cytometry data to show the histograms 

in addition to the scatter plots (now in Fig. 3). The percent of macrophages in the bleomycin-

induced lungs that are folate receptor beta positive is 20%. Moreover, few if any non-

macrophage cells are seen to bind folate-dye conjugate, confirming that FRβ is only expressed 

on a subset (activated) of macrophages. We have also made minor modifications to the wording 

on page 9 (Result) and page 31 (Figure legend) to describe these new data. 

 

Pharmacokinetics of their compound vs the parent TLR7 agonist in this model should also be 

included to see if clearance is affected by the folate sidechain.  

Based on PK data obtained on many other small molecule folate conjugates (8 have entered 

human clinical trials), we can confidently predict that attachment of folate to TLR7 agonist will 

not significantly alter its PK. Half-life values in the blood for folate conjugates are usually 20 to 

30 minutes. 

 

The authors then analyze bulk populations of lung macrophages, BAL cells and BAL protein 

levels for relevant mediators including ARG1, CD206, CXCL10, IL-6, IFN alpha and TNF alpha 

in response TLR7-54 or FA-TRL7-54 (Fig 5) at a single time point shortly after administration. 

Very noteworthy is markedly reduced levels of expression of TNF alpha in the latter group 

which is only commented on in passing by the authors. One hypothesis is that this is due to 

stimulation of FR beta negative cells by TLR7-54 but this is not further investigated.  

We thank the reviewer for this insightful question. We agree with the reviewer’s hypothesis that 

nontargeted TLR7-54 will stimulate all cells with TLR7 while FA-TLR7-54 will only enter and 

stimulate FR beta positive cells. Thus, nontargeted TLR7-54 will create systemic induction of 

TNFα while our FA-targeted conjugate will only stimulate TNFα production by FR-expressing 

macrophages. This is the reason we believe that FA-TLR7-54 is both more potent and less toxic 

than free TLR7-54 in vivo. 

 

The authors then show that repeated administration of FA-TLR7-54 prevents fibrosis when 

administered on day 10 of their protocol. It is a significant strength of the manuscript that they 

can show an effect this late after bleomycin administration. There is a dramatic effect on various 

mediators relevant to fibrosis with a corresponding reduction in total fibrosis at day 21. The 

authors note that fibrosis resolves in their model as it does in most bleomycin models. The 

question then is whether their intervention reduces development of fibrosis or accelerates the 

resolution of fibrosis. The authors imply the latter but have no data on that issue. A time course 

of fibrosis and histology over time +/- intervention might shed light on that issue.  



The question of “whether their intervention reduces development of fibrosis or accelerates the 

resolution of fibrosis” is a question we have frequently pondered and concluded there is no way 

to answer. Thus, if we block a step in the pathway leading to “development of fibrosis” we 

should observe no additional increase in fibrosis but instead observe a decrease in fibrosis as the 

constitutive degradative processes continue to function. Similarly, if we accelerate the pathways 

causing degradation of the fibrosis, we should still see a decrease in the fibrosis relative to 

controls. However, the fact that we repolarize the activated macrophages so that they discontinue 

secreting profibrotic cytokines/chemokines (i.e. CCL18, IL-1β) that induce lung fibroblasts to 

secrete collagen etc. suggests that we are inhibiting development of the fibrosis rather than 

accelerating its resolution. We could add a paragraph summarizing these arguments if the editors 

wished. 

 

The authors use the phrase "suppressing the symptoms of fibrosis" when they are actually 

measuring fibrosis itself.  

We have changed the wording as suggested. 

 

IRAK-M is a marker of TLR signaling suppression, not activation.  

We thank the reviewer for reading our manuscript carefully and pointing out this mistake. The 

primer sequence in the list was correct, which corresponds to gene NM_029926.5 IRAK4, but 

we accidently wrote the name as IRAK-M. We have corrected the name to IRAK4 in the Fig. 5G, 

Figure legend (page 32), Result Section (page 11), and the Appendix table S1. 

 

Histology does not evaluate "tissue density" (not sure what they mean here). Routine histology 

allows evaluation of features of tissue repair and inflammatory infiltrate.  

We thank the reviewer for his suggestion on more accurate wording. We have changed the 

“tissue density” to “tissue morphology” on page 11.  

 

 

The dose response curve in Figure 7 is of unclear significance with respect to toxicology and 

adds little to the paper. Figure 8 on the other hand is very helpful to document lack of systemic 

effect of this compound at doses that are pharmacologically relevant. A dose response curve for 

systemic expression of these mediators would be important to help establish a therapeutic 

window for the compound. 

We would prefer to retain panel A in former Fig. 7 (now Fig. 6) because it shows that all of the 

mice in all of the treatment groups lost an identical fraction of their body weights before 

initiation of therapy, i.e. suggesting that the severity of their pulmonary fibrosis before treatment 

was similar.  



We have provided the additional data requested by the reviewer in new panels D, E, and F of 

Fig.7, where we show the concentration dependence of production of IL-6, IFNα, and TNFα in 

mice as a function of the administered dose of FA-TLR7-54 or nontargeted TLR7-54. 

As you can determine from our responses, we have tried to comply with all of the suggestions of 

the three reviewers, performing multiple additional experiments to provide the additional 

requested data. We hope that the manuscript is now acceptable for publication in EMBO 

Molecular Medicine. If further changes are deemed necessary for acceptance, we would be 

happy to consider them. 
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26th May 20201st Revision - Editorial Decision

26th May 2020 

Dear Dr. Low, 

Thank you for the submission of your revised manuscript  to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it . As you will
see the reviewers are now globally support ive and I am pleased to inform you that we will be able to
accept your manuscript  pending the following final amendments: 

***** Reviewer's comments ***** 

Referee #1 (Comments on Novelty/Model System for Author): 

Bleomycin is not relevant model to represent idiopathic pulmonary fibrosis (IPF). This manuscript 
st ill in my view doesn´t demonst rate any relevance to human disease either by taking t issues or 
cells from IPF pat ient lungs/ BAL fluid. This hampers the medical impact . 

Referee #2 (Comments on Novelty/Model System for Author): 

I would have liked to see work in the TLR7-/- mouse with the drug, but given the pandemic, I can 
accept the work they did in cells with TLR7 or not . 

Referee #2 (Remarks for Author): 

The revisions have sat isfied my major quest ions regarding the macrophage populat ions which are 
targeted and the requirement of TLR7 for the drug effect . 

Referee #3 (Comments on Novelty/Model System for Author): 

This MS describes a novel approach to t reatment of pulmonary fibrosis, an otherwise poorly t reated 
disease. This is an init ial descript ion of the approach using an animal model which shows that a 
rat ional modificat ion of a known approach reduces toxicity to an acceptable level while also 
establishing efficacy in vivo. 

Referee #3 (Remarks for Author): 

This MS is a response to reviewers comments. While I st ill have some reservat ions about the 
phrasing and explanat ion of some of the results, the actual data stands on its own and is now 
suitable for publicat ion.



30th May 20202nd Authors' Response to Reviewers

***** Reviewer's comments ***** 

Referee #1 (Comments on Novelty/Model System for Author): 

Bleomycin is not relevant model to represent idiopathic pulmonary fibrosis (IPF). This 

manuscript still in my view doesn´t demonstrate any relevance to human disease either by taking 

tissues or cells from IPF patient lungs/ BAL fluid. This hampers the medical impact. 

We thank the reviewer for pointing out the limitations of current animal models of human IPF 

disease. Unfortunately, there is currently no animal model that accurately replicates all aspects of 

human IPF. In fact, the characteristics of human IPF differ among patients, so that one human 

patient would also not serve as a good model for the next human patient. However, according to 

the Official American Thoracic Society Workshop Report, bleomycin model is still considered 

as “the best-characterized animal model available for preclinical testing”. We have added a 

sentence to page 8 that addresses the relevance of the bleomycin model to human IPF and have 

supported this statement with citation of two prominent references. 

Referee #2 (Comments on Novelty/Model System for Author): 

I would have liked to see work in the TLR7-/- mouse with the drug, but given the pandemic, I 

can accept the work they did in cells with TLR7 or not. 

Referee #2 (Remarks for Author): 

The revisions have satisfied my major questions regarding the macrophage populations which 

are targeted and the requirement of TLR7 for the drug effect. 

Referee #3 (Comments on Novelty/Model System for Author): 

This MS describes a novel approach to treatment of pulmonary fibrosis, an otherwise poorly 

treated disease. This is an initial description of the approach using an animal model which shows 

that a rational modification of a known approach reduces toxicity to an acceptable level while 

also establishing efficacy in vivo. 

We thank the reviewer’s generous comments on the novelty and significance of our manuscript. 

Referee #3 (Remarks for Author): 

This MS is a response to reviewers’ comments. While I still have some reservations about the 

phrasing and explanation of some of the results, the actual data stands on its own and is now 

suitable for publication. 

We thank the reviewer’s suggestions on our wording and his/her agreement with the publication. 



3rd Jun 20202nd Revision - Editorial Decision

The authors performed the requested changes.
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� are there adjustments for multiple comparisons?
� exact statistical test results, e.g., P values = x but not P values < x;
� definition of ‘center values’ as median or average;
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4.b. For animal studies, include a statement about blinding even if no blinding was done

5. For every figure, are statistical tests justified as appropriate?

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Is there an estimate of variation within each group of data?

Is the variance similar between the groups that are being statistically compared?
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A- Figures 

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are 
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s 
authorship guidelines in preparing your manuscript.  
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Corresponding Author Name: Philip S. Low

YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND ê

C- Reagents

B- Statistics and general methods

the assay(s) and method(s) used to carry out the reported observations and measurements 
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

a statement of how many times the experiment shown was independently replicated in the laboratory.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

 

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. 
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).  
We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human 
subjects.  

definitions of statistical methods and measures:

a description of the sample collection allowing the reader to understand whether the samples represent technical or 
biological replicates (including how many animals, litters, cultures, etc.).

The data shown in figures should satisfy the following conditions:

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship 
guidelines on Data Presentation.

Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

a specification of the experimental system investigated (eg cell line, species name).

The sample size was chosen based on our experience from previous studies. No statistical power 
analysis was conducted.

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should 
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be 
justified

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

Each figure caption should contain the following information, for each panel where they are relevant:

2. Captions

The sample size was chosen based on our experience from previous studies. No statistical power 
analysis was conducted.

No samples were excluded from analysis.

The animals were randomized according to their body weight before starting therapy to avoid any 
bias.

Manuscript Number: EMM-2020-12034

Yes

Statistical analyses were performed with Graphpad Prism 6.0 and Excel. Differences between two 
unpaired groups were analyzed using the unpaired two-tailed t-test. Differences between multiple 
groups and a control group were analyzed using Dunnett’s multiple comparison test. Differences 
between multiple paired groups were analyzed using Tukey’s Multiple Comparison test as 
indicated in the figure legends. The exact P-values were listed in Appendix Table S2. A P value of 
<0.05 was considered significant. 

Yes, student T test.

Yes

The animals were randomized according to their body weight before starting therapy to avoid any 
bias.

Tissue sections of murine lungs were examined in a blinded manner by a licensed pathologist. 

Tissue sections of murine lungs were examined in a blinded manner by a licensed pathologist. 

1. Data

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the 
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically 
meaningful way.



6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog 
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., 
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and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the 
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure 
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting 
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compliance.

11. Identify the committee(s) approving the study protocol.
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conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human 
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.
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16. For phase II and III randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) 
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17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at 
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data 
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, 
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for: 
a. Protein, DNA and RNA sequences 
b. Macromolecular structures 
c. Crystallographic data for small molecules 
d. Functional genomics data 
e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the 
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets 
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured 
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting 
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the 
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).
21. Computational models that are central and integral to a study should be shared without restrictions and provided in a 
machine-readable form.  The relevant accession numbers or links should be provided. When possible, standardized format 
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM 
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top 
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited 
in a public repository or included in supplementary information.

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top 
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines, 
provide a statement only if it could.

D- Animal Models

E- Human Subjects

THP-1 cell line were purchased from ATCC (TIB-202™). Stable THP-1/NF-κB-luc-GFP and THP-1/NF-
κB-luc/hTLR7 reporter cells were transduced in our lab as described in Appendix Methods Section. 
Human monocyte-derived macrophages and mouse bone marrow derived macrophages were 
differenciated from fresh isolated human monocytes and mouse bone marrow cells, respectively. 
Mycoplasma contamination was checked periodically.

As follow antibobies used for flow cytometry stainings were purchased from Biolegend (unless 
otherwise specified): Zombie live/dead viability dye (1:200; #423101), 7-AAD Viability Dye (1:70; 
#420403), anti-mouse FITC-CD11b (1:100; #101205), anti-mouse PE-F4/80 (1:100; #123109), anti-
mouse BB515-CD45 (1:800; Fisher Scientific, #BDB564590), anti-mouse PE-CD64 (1: 100; #139304), 
anti-mouse PerCp/Cy5.5-CD11b (1:400; #101228), anti-mouse PE/Cy7-Ly6C (1:200; #128018), anti-
mouse BV605-Ly6G (1:100; #127639), anti-mouse BV421-Siglec F (1:200; Fisher Scientific, 
#BDB562681), anti-mouse APC-FRβ (1:150; #153306) and anti-human FITC-m909 (10 μg/ml).  As 
follow antibodies were used in the IHC/IF stainings: F3 (anti-mouse FRβ antibody, 10 μg/ml), α-
SMA (1:100; Abcam, #ab5694), F4/80 (1:100; Bio-Rad, MCA497) and CD206 (1:2000; Abcam, 
#ab64693). The reference of anti-human FRβ antibody (m909): Feng Y, Shen J, Streaker ED, 
Lockwood M, Zhu Z, Low PS, Dimitrov DS (2011) A folate receptor beta-specific human monoclonal 
antibody recognizes activated macrophage of rheumatoid patients and mediates antibody-
dependent cell-mediated cytotoxicity. Arthritis Res Ther 13: R59-R59. The reference of anti-mouse 
FRβ antibody (F3): Hu Y, Wang B, Shen J, Low SA, Putt KS, Niessen HWM, Matteson EL, Murphy L, 
Ruppert C, Jansen G et al (2019) Depletion of activated macrophages with a folate receptor-beta-
specific antibody improves symptoms in mouse models of rheumatoid arthritis. Arthritis Res Ther 
21: 143.

Eight-week-old C57BL/6 male mice from Charles River (average weight 22-25g) were housed 
under pathogen-free conditions at room temperature (22 ℃) using a 12 h light-dark cycle. Mice 
were placed on a folate-deficient chow (Teklad Envigo) upon arrival and acclimated for 1 week 
prior to initiation of experimental procedures. Fresh water and folate-deficient diet were freely 
available.

All animal procedures were approved by the Purdue Animal Care and Use Committee (PACUC) in 
accordance with NIH guidelines. 

We confirm consulting the ARRIVE guidelines.

G- Dual use research of concern

F- Data Accessibility

Not applicable

Not applicable

 We have included a Data Availability section in manuscript and state that "Additional data has 
been provided in Appendix and is available at EMBO Molecular Medicine online."

Not applicable

Not applicable

Not applicable
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